Single crystals of superconducting BaFe 1.8 Co 0.2 As 2 were exposed to neutron irradiation in a fission reactor. The introduced defects decrease the superconducting transition temperature (by about 0.3 K) and the upper critical field anisotropy (e.g. from 2.8 to 2.5 at 22 K) and enhance the critical current densities by a factor of up to about 3. These changes are discussed in the context of similar experiments on other superconducting materials.
I. INTRODUCTION
Neutron irradiation is a powerful tool for theoretical studies as well as the optimization of superconductors 1, 2, 3, 4, 5, 6, 7, 8, 9 , since electron scattering centers and/or pinning sites are introduced. The effects can be investigated on the same sample allowing comparisons with theoretical predictions for changes in inter-and intra-band scattering 1, 7, 8 or with pinning models for uncorrelated, randomly distributed, nano-sized pinning centers 3, 5, 6, 7 . Scattering seems to be particularly interesting in the FeAs based materials since they are multi-band superconductors, possibly with (presently still unexplored) extended s-wave pairing symmetry 10 .
The changes in scattering and pinning also provide guidelines for material optimization.
II. EXPERIMENTAL
The BaFe 1.8 Co 0.2 As 2 crystals (typically 1.4 × 0.7 × 0.1 mm 3 ) were prepared by the selfflux method 11 at the National High Magnetic Field Laboratory and irradiated at the Atomic Institute to a fast neutron fluence of 4 × 10 21 m −2 . Defects are introduced either by direct collisions of high energy neutrons with lattice atoms or by nuclear reactions. All nuclei can capture neutrons followed by a prompt gamma emission of a few MeV. The recoil energy is sufficient to displace the emitting nucleus. The same holds for the β-decay of 76 As. However, many of the resulting Frenkel pairs recombine quickly and the stable defects add to those produced by direct collisions, whose density is also unknown. Larger defects can be created only by fast neutrons (E > 0.1 MeV).
One crystal was mounted onto a rotating sample holder and investigated in a superconducting 17 T solenoid. A current of 300 µA (∼ 3 kA m −2 ) was applied in order to measure resistivity at various angles and magnetic fields while cooling at a rate of 10 K h −1 . The upper critical field was evaluated using three different criteria: 90 % (onset), 50 % (midpoint), and 10 % (offset) of the normal state resistivity, which was extrapolated linearly from its behaviour just above the transition temperature. The transition width, ∆T c , refers to the temperature difference between the onset and the offset. All results refer to the 50 % criterion in the following, although the same analysis was also made on the basis of the 90 % and 10 % criteria. No qualitative influence on the results was found (cf. Fig. 4 ), but data scattering was smallest for the 50 % criterion, since the transition is steepest there. An enhanced density of impurity scattering centres after neutron irradiation is evidenced by the residual resistivity ratio, RRR = ρ n (300 K)/ρ n (25 K), which decreases from 2.2 to 1.9. Since the resistivity is only weakly temperature dependent above T c , ρ n (25 K) represents a reasonable estimate for the residual resistivity ρ 0 , which seems to increase by a factor of about 2 in Fig. 1 . We did not calculate the absolute values of the resistivity due to large uncertainties in the determination of the crystal geometry. Also the absolute change in voltage is not reliable since we did not use the same contacts before and after irradiation, therefore, the distance between the voltage taps slightly changed and could not be determined exactly because of the finite contact area. Only the RRR is independent of the actual geometry.
IV. UPPER CRITICAL FIELD AND ANISOTROPY
The upper critical field for both main field orientations is plotted as a function of temperature in Fig. 2 . While B c2 (T ) (field parallel to the ab planes) shifts to lower temperatures without a significant change in slope, B ⊥ c2 (T ) becomes steeper after irradiation leading to an enhancement at low temperatures. This is expected from a reduction of the electron mean free path due to impurity scattering in s-wave superconductors. In d-wave superconductors a decrease of B c2 is predicted theoretically 14 . We are not aware of the corresponding prediction for extended s-wave pairing.
The angular dependence of the upper critical field is plotted in Fig. 3 . B c2 (θ) at a fixed temperature was obtained from linear interpolation between the values measured at fixed fields (cf. Fig. 2 ). This does not induce a significant systematic error, since the curvature of this relation to the experimental data. The anisotropy has a maximum of 2.9 at 22.8 K, which is reduced to 2.55 after irradiation (Fig. 4) . A reduction in γ upon neutron irradiation was also found in the cuprates 6 and in MgB 2 7 . The pronounced drop of γ near T c can be directly observed in the inset of Fig. 2 and is obviously related to the curvature of B c2 (T ).
The anisotropy agrees with previous reports 15, 16, 17 . The present experiment demonstrates that γ is sensitive to impurity scattering, which will result in sample to sample variations. 
VI. CONCLUSIONS
In conclusion, we found that electron scattering increases after neutron irradiation leading to a slight decrease of T c and the anisotropy. The critical current density increases by a factor of up to 3, indicating that the radiation induced defects are effective pinning centres. These results are in qualitative agreement with our recent study on polycrystalline Sm-1111 9 .
